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S tate of the art directA’iew .storage takes a big step 
forwartl with the introdmtion of the TEK- 
TRONIX 7834 Storage Oscilloscope. Up to now the 
maxiittuni stored writing .sjjced has been 1000 cmffH in 
the 7fi.33 plug-in osdllotfcofje and 1.3.50 anfps in the 466 
portable. Both are KK) MHz instruments. 

The »iew writing speed mark is 2500 cm/ps, and it's 
coupled with 400 MHz bandwidth in the new 7834. 
Thiji nieiins you can now aipiure a 3.5 nn high, single- 
event risciinie oU-'l ns. 

The 78.31 is a gcneral-purpase laboratory oscilloscojje 
with all of the syiicrgistic measurement power pro- 
duced by the four p|ug-in capability of the 7000 Series. 
For example, real tiine and spectrum analyzer plug-ins 
can be housed t^siniultSneotisly present both time and 
frequeiT^' domain display's for ai given signal. Using the 
7834's v.'iriable jicrsistence storage modcy^^a steady dis- 
play of the time dpinain can be viewed while observing 
slow changes in the .spectral corttent. In another con- 
figuration, logic aii:dy/er and real time plug-ins can 
be tonibined to zero in on a logic fault and then dis- 
play that lanit in real time, even though it may occur 
only once. — — 



Multimode storage ! 

The 7834 features tmikimode storage:- bistable, varia- 
ble jjersisicnee. and fa.st iiiotlcs lor each, jvioneered in 
the 7623 a lew short years :igo. 

The bista ble stofage-d isplay is rharat terized by having 
two intensity levels— die stored-iinagc intensity and the 
backgiomul level. There !u*e two such modes: BISTA- 
BLE and FAST BISTABI.E. The chief advantage of 
troth of the.se mode.s is long view-time. Once an image is 
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stoR'd. it cm Ijc viewed for an extended {>eriod. I'he 

to u^witii no 
for other 

blooming, 

low* £;. 

fretjueiu'y events that retjuire a slow moving spot on 

to Itlooming ami the !^' 

tlie 

shot iiiformationt^^ 

Variable-persistence storage 
i/,ed by controllable )rei sistence (the rate at which the 

stored display hules). Typically, this rale of fading may *' *’**”‘^^ displa) of a single-shot, fast rise dme signal. 

Ire adjusteil from I or 2 seconds to well «»ver a minute. 

There are two smli modes; VARIABLE PERSIST- **^ 

ENCE and FAST VARIABLE PERSLSTENCE. The ^ 

chief advant.age of these modes is high writing speed. ^a" . -^Sfa -5» 

When tlte storage controls are opttmii;eil, writing speed 
is many times greater than in the corresponding bistable 

modes. The storage controls may al.so be adjusted to niaiincr (rather than single .sweep), this conirol v. 
provide high-contrast displays tliat are es|)ecially a d^^- ^ • die display.time Iretween stH:cessive.sweeps..\n"mfii 

vantageons for jihofography. In both variable persist- ‘“' ‘ — -« - — ,_. 

ence motles, view time (the length of time it stored trace 
is distinguishable from the background) is less than in, 
the bistable imxles, and is shortest of all when .adjustetl 
for highest evriting speed. V'iew time can be im ieaseef by 
asing the S.W^E mode as on other sij^rage o-scilloscopes. 

The VARIABLE PERSLSTENCE mode in the 78.1T 
can convert a dim display of a fa.st, low-re{>etilion-raie 
signal, into a bright, flicker-free display for easy view-*' 
ingof signals that are Iieyond the display capabilityiof 
non-storagi* instriinicnt.s. By varying die persistence (or^ 
rate of fading), the liest compromise can l>e reached lie- 
iweeii lack of Hicker and ability to follow changes in 
the waveform. 

The F.VST VARIABLE PERSISTENCE mode pro- 
viders the highest writing spcet.1 of all, 2500 an/fts in re- - 
duced sam. 7'his mode is most useful for capturing 
higli-spcrcd single-shot events such as fast rise pulses en- 
cotiiitered in laser lusiort re.search, destructive te.sting, 
and higit sj>ced computer development, that rxeur only 
once, or at very low rep-rates at best. 'I'he 783-1 offers an 
unprecedented ability lodi.splay the.se pulses. 



luring several < loscly spaced 



IS on the same display, 
an ability not passible in fa.sl-slorage modes on jrievious 
Instnimcms. 

Two iy|)e.s of Auto Erase arc available in the 78.31. 
One is an atljustablc’j^riodic fiimtiuii that erases on a 
Regular basis whether or not a .stored dis]>iay is jjiesenl. 
The other ty|)c provides an adjlisiable display time after 
each stored event, and will not erase unless the lime base 
has lieen iriggered. 



Now operational features ?*- : k ' 

The 78!L1 has several feaiure.s not found on other stor- 
age oscilloscopes. These features add convenienc^nd 
flexibility. For example, the MULTI-TRACE DEL.AY 
control .extends the iisefuliiess of ilie transfer-storage 
inodes (FAST Bl.STABLEand FA ST VARIABI .E PERs; 
.SISTENCE). When a time base operates in a rc))etitive 
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F>S. A cuiawayof the from prjriion of the 7i^S4 cathode ray tube, 
shewing the thrw-mcsh jfructure usctl to achieve transfer storage. 



Fig. 2. Klectron gun siructitre of the 7834 cathmle ray lube^ The 
vertical dcllccimn structure, with ihe shield removed, is shown 
below the vertical dellettion |M)rtioii of the gun. 



Gatcti or Kice Run readout selection is located on the 
from ])anel. This feature is especially comeniem when 
.switching; between slot age (where Ciated is often used) 
and non-storage operation (where Free Run is typically 
more desirable). Previously, the Gated/Free Run .switch 
had been locaietl inside the niainiranie. requiring re- 
moval of a siderovci to t hange niode.s. 

Fast X-V storage is possible in the 78.1-1 because of a 
horizon lal-niode selet tor switch and the availability of 
two hori/omal plug-in (onipartnieins. Previously, X-Y 
suirage was possilrle only in the slower, or non-transfer, 
storage modes. 



Cathode ray tube 

Much erf the "H-ll’s advanced performance is achieved 
through c.vtending the cap,lbiliiies of the cathode-ray 
tube (lit) to pmvide iiuilii-mcjtle storage. Both bistable 
and variable persi.sience designs ate incorjrorated into 
the a t. In addition, a new fcKtising structure and im- 
prtrved eleciron-gun design are used in reac h the high 
.stejred writing-rate. Further, a nicjre sensitive deflection 
system was needed to reach the fOO-M 11/ design goal for 
the vertical system passband. 

In designing the ert, we built upon the experience 
gained with the tran.sfer-storagc tube. Transfer 
storage is ilic icthnicjiie whet eby two storage meshes are 
used to capture and display infoimation, especially fast 
transients. 

The svriiing liealii stores an image on a highly sensi- 
tive short-view time target. T he image is then trans- 
ferred to die second storage me.sh, which has lower sen- 
sitivity but much longer view times. This steeznd mesh 





Itctwccn reihiml w;in and full scan variable jrersistcncc 
writing spcctk fitmt S; 1 to (j;l. Some fx-rformance gains 
over the previous fast-siorage tri usetl in the 7633 arc 
shown in Figure I. T his shows ifie iypi< al w riting speed 

a ftinelion of Fn- 



expressed 

lensiiy lor the two lastesi storage nuxies (variable |»er- 
sistence fast ami bistable last, in rctluietl st an) . 'Fhe re- 
duced. stan intxlc of operation typically restdts in an 
eight-times iinprovenient in writing speed ovei the full 
scan o|>eration, tlue to the iiurcased giiti voltage and 
the retlneed effet t ol target miifonniiy on writing 
speed. In the fastest mode, the writing s|)eeil approaches 
10" iracewitlths/ second. This compares w ith the photo- 
graphic writing spcetl of the 7901. These stored traces 
arc vicwahle for tens of secomls and are easily photo- 
graphed. 

Writing speed 

I’nless someone is very laniiliar with storage terminoio- 
gy, a writing speed sj>ecification may not l>e very mean- 
ingful except in a relative sense, where one stor.ige 
oscillosco|>e is better th.in anotiier. Therefore, a review 
ol some liasic stor.tge conc:epts will hetier relate what 
the high |KM forniancc of the 78.3-f does for your nieasnre- 
incnt nectls. Writing sjrecd i.s defined as lire highest rale 
of sj)oi nitrveineni on the rri face that will leave Ix'hintl 
a siored itnage. .Spot movement that is faster than writ- 
ing s[»eecl will not leave an im.ige, rcsultrng in step re- 
sponse disjrlnys with no vertical edge, or sine wave 
disjilays with the center mi.ssiiig. 

To Ijc more precise, writing sjjeed can be relatetl to 
common waveforms by the equatiems: 

(1) W.S = Trf.\ 

(2) W'.S = 



INTENSITV 



Flp. 4. Relaiisc pec foniiaiirt; of the 7834 and 7655 .Storage Oscillo- 
scope* are shuH-n in this grapli of siored writing qxvci at a func- 
tion of Inteiuily h;\el tcKtiug. 



for every horizontal division, the effect of horizont.il 
movement is less th.in five jiercent, and can usually be 
neglected. 

General design features ' 

Construction of the 78.34 is much like the modular 
770'1,\. The insinimeiu is divided into two main mod- 
ules that may be easily separacetl for ease of service. Like 
other 7000Scrie.s four-jjhig-in mainframes, the 7834 has 
a high -efficiency jiower supjjlv. This supply runs cooler 
unci is mtich ligfuer than a conventional regulated sup- 
ply. U is also move immune to eleciro^magnelic inter- 
ference through the jjower line. The 7834 circuitry is 
highly protected frcmi overloads such as a spurious short 
between various Cri clecmxles. 
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Equation (I) i.s for a sine wave of fietjucncy, f, in mega- 
IiLTt/, anti peak-tf>-pe.ik ainplitiiile. in centimeters, 
yielding writing speed in < ni/^s. 1 hits, a writing s[>eed 
of 25IM) nn/^ts will stote a 250 MH/ .sinewave with 3.2 
cm pcak-to-}>eak amplitude. 

Etpiaticm (2) descril»es writing speed in terms of the 
vertii al etige of a pulse or stej> re.s|)oiisc. The value of k 
ranges troni 0.8 lor a linear ramp, to 2,2 for a single- pole 
re res|Kjnse. A value of l.O applies u> a Caussian or tyjii- 
cal step res|xmse. T, is the 10-90“J, rise lime in /is and \ 
is the amplitude in tin, to yield writing s|zeed in I'm j fts. 
Thii.s, a writing speetl of 25(K) tiii/'/ci will stote a 2.5 cm 
Gau.s.sian .step res|>onse with 1-ns rise time. 

The 783-1 athieves its maximum .specified writing 
.sjieeti of 2.500 cm/^i-s in a reduced scan nuxle, with 0.45 
cm ilivisiims. IVriting sjKeil in divisions is calculatetl by 
ilivitling by 0.45; ilius. a 3.2-cni sine wave will l>c 7.1 
divisioti.s peak-t«i-peak. In tliesc relationships, hori/on- 
lal movement is not taken into actoimt. However, for 
beam movement of more than tfirce vertical divisions 
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Counter and oscilloscope 
combination makes 
difficult measurements 



M otiern elerironir lounters ;ue veisutile, acciiiuie insuiinteuts useil in a 
wide variety ol aj)[)lications. However, manyaneasiircmcnts are dilli- 
tnli or even ini)>ossi'ble to make wiih ronventioiial counters. Here are a lew 
exaiuples: 
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FREQUENCY OF INTEREST 



FREQUENCY IN A "CHIRP”- 
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Fig. I. A TOuntfir 1111(1 ««( illpscdpe .«!t up to measure the width o£ 
ihe elevaic'c! piitse displayed on the osdlloseojK; a t. 



In eti( ti exiiiiijile, the counter’s trigger ciroiits ean- 
iiot discriitiinate lietween the part of the wavefotni of 
in terest ami the pan not of interest. 

A few exjunters offer input gating that allows the in- 
put signal dititmel of tlic counter to lie gated on and oU 
widr ail external gate or eoinrol signal. This makes most 
of these difficult meastirements possible; Iiowever, the 
appropriate gating signal is rarely conveniently avail- 
able. A letv counters oiler Variable Hold'>Qff or Delay, 
which intrcMluees a variable delay in the Time Interval 
itKKle, betw'een wlieii ( lhannel .A triggers and Cliannel 
B is (jenniued to trigger. This fcatine also imtkes some 
of the.se diHicidt rtieasurcmcms possible, bm it tan only 
be used in the Time Interval niotle. and the approxi- 
mate ainouiu of tlelay reipiired nm.st lie jenowm. 

.\lmo.st all of these difficult mea,suremeius can, ol 
emme, be matle tlireetly tvidi an ostillo.st:ope, but not 
with tlie same degree of acruraey a counter offers. 

Counter and oscilloscope 

counter ami an ©,st )llo.sco|.)e can Ire combined into 
a jKiwerTuI nmasufeineiu tool that can conveniently 
make these oilrenvise dillu ult or even impo.s.sil)le ineas- 
uicmencs. With the tct.hnitpie to be descrilred, the 
counter can lx‘ made to measure any selected 
of the waveform disjrlayed on the asrilltjscojx. 'rhics, 
die Ilexibility and visual verilicution offered by an 
ost il lost'ope is combined with the actiiracy of a counter, 
rite teclmkpie involves .simiiuing or algcbraitaliy 
adding the portion of the waveforru of interest wdth a 
|mise, so that the jiulse creates a voltage pedestal upon 
which the portion ol: interest rides. With a [ioriion of 
die wavefortn elevated, the t(nmter',s trigger thre.shold 



VERTICAL SIGNAL OUTPUT 



Mainframes 


Bandwidth 


AraplilUde 


7900 Series 


140 MHz with 7A34 
or 7A28 

75 MHz with 7A18 


SQO mV/div Into 1 M£2 
25 mV/div into 50 J 1 


7700 Series 


70 MHz with 7A24 
or 7A26 

56 MHz with 7A 18 


500 mV/div info 1 MH 
25 mV/dIv Into 50 li 


7600 Series 


75 MHz with7A18 


500 mV/div info i Mn 
25 mV/div into 50 ST 


7503/7504 


55 MHz with 7A 12 


500 mV/div into 1 MSJ 
25 mV/div into 50 n 


7313/R7313 


20 MHz with 7A1 8 


500 mV/diw into 1 Mff 
25 mV/d tv into 50 Si 


549 


> 5 MHz with 1A1 


1.5 V/div into 1 MSJ 


544/546/547/ 

RM544/RM546/ 

RM547 


15 MHz with 1A1 


300 mV/dlv into 1 Ml! 


535A/R535 


5 MHz with 1A1 


1.5 V/div into 1 Msj 


545A/B/ 

RMS45A/B 


~ 20 MHz with 1A1 


1 ,2 V/div into 1 Ml! 



Fig. Z. rEK f RONIX osdlldscopes having delayed gate ai«i vet ti- 
«i signaf iHifptus suitalilc fur this applifatioii. 



(triggering level) can be set so that the coimter triggers 
only on the desireti [airtion. 

If a Dital-Trace, Delayed Sweep Oscillo-srope with a 
Venital Signal Output and a Delayed Gate Output is 
used ill cxiiijimctioii with tlie counter, no other equip- 
iiient is required, llie Delayed Gale serve.s as the neces- 
sary pulse. the Dual-Trace Amplifier |ierfoniis the sum- 
iniiig function, and the Vertical Signal Output (a wave- 
form identical to that displayed on the m of the osril- 
hrscope) i.s ;t'onneefed to the input of thecxitmter. Figure 
I shows a 7fi03 Mainframe, 7.V18 Dual-Trate Amplifier. 
7B5;k\ Delayeif .Swee|» I'iiiie Base, ami DG 505 A Uni- 
versal (idun ter /Timer in the described configuratidTi. 
Figure 2 is a chan of ITK PRfXN lX Oscilloscope.s with 
the neccssiiry tombinaiion of reaturcs, and the band- 
witltli anti ampliuidcof the Vertical .Signal Outputs. 

Making the measurement 

I’hc w’aveform, a ))onion of wliii h is u> be nieasiiretl, is 
connected to Channel 1 vertical input of the oscillo- 
scope anti the controls are set for a stable tlisplay ap- 
ptogimately two divi.sions in amplitiwle. The wide 
range ol iujmi ampliuides a laboratory d.stilloscope can 
accept offers the added advantage of signal condition- 
ing;.. amplifying or atienualing a waveform jirior to 
being connecietl to die counter iiqnit. 

With the w.ivcform jiortion of interest displayed on- 
screen, the oscilJoscope'.s llorizomal Mode .switch is 
placed in die Intensified mode and the brightened por- 
ticin t)f the trace is adjnsled to iiuerisify the portion ol 
interest. The Delayed Gate GiMjnu, a pulse wlio.se 
width and persition relative to the o,scilh)s«>pe trigger 
lioim is identical to the inten.sifitxl portion of the trace, 




is lilt'll loiiiifi led to Clvaiiiiel 2 vertieai input. The Ver- 
liial Motle swiuii is set to Channel 2 and the controls 
adjusied for a display two tlivisions in amplitude, 
Switching to the Algebraic .\tld mode, the two wave- 
lorms (the tlelayetl gate and the input: waveform^ will 
noiv lx- siminicd and the conihination will be approxi- 
mately four tlivisions in amplitude as in Figure I. If 
the delayed gate is post tionetl properly, the portion of 
the input waveforni of interesi will be elevated a]sproxi- 
ma te I y two divisions. 

The oscilloscope's Vertical Signal Output i.s now 
comict ietl to the counter input and the counter’s Trig- 
ger I.evx'l control is set so the counter triggers only on 
the elevated portion. 

Setting the counter trigger level 

fl the counter has a DC Trigger l.cvel Ouiinit, die trig- 
ger level can be .set by monitoring this output with a 
DMM, setting it to the desired voltage level as read 
from the oscilloscope’s tri. If the counter does not liave 
a DC Friggei Level Oiupot, the following tcchni<iue 
will aid in setting the counter trigger level. 

The amplitude of the voltage pedestal is lowered ap- 
piuxiniately by adjusting the oscilloscope’s Chan- 
nel 2 Vtariable \'olts Per Division control ten a display 
about ilnee divisions in amplitude. Adjusting the 
counter's Trigger Level control in die positive direction 
until the cmnnei cp, tits triggering, then in the negative 
direction until the counter just starts counting, oi 
ujurus erratically, will set the couniet to iriggei cm the 
positive-most portion of the input waveform. Now, re- 
tinning the Channel 2 Vhjlis (jer Division control to ir.s 
original ])ositioii (a four division display) will result in 
die counter triggering at the 50% point on the elevated 
portion of the waveform. This -same technitpic can be 
used to set ibe cciunier’s iriggci level at other than the 
50'*,, jaoint if desired. 

Counter modes 

Now let's consider luakiiig selected pulse or cycle meas- 
uremenis in the various (oiinter nnxles available, l/ni- 
versal loimteis, as ojiposecl to single fututiori or fre*- 
(|UeiKy only counters, olter a variety of mode.s such as 
Period, Width, and Time Interval, as well as Frequen- 
cv. Kach mode requires that the width of the oscillo- 
scope's delayed gaie-^the elevating pulse— he .set a tittle 
ciilfereiulv. 

Period 

If a period ineasnremciu is to lx; made, the pedestal 
mu.si lie wide enoiigh and so positioned in time that the 
entire |x;iicxl of interesi is elevated .as shown in Figure 

In tlie Period mode, the counter cvill triggetr at a 
j)oiiu on the first [xisitive or nttgacivc going .slo[x-. 
wlucdievcr is selec;Led, and at the same point on lire fol- 
lowing slope of the same [lolariiy. 



Employing this technicpie, the Periexf mcxJc can be 
used to measure frequency ( F= J .) when the frecjiien- 
c y varies, car when it is a burst or c hirp. In the Frecptency 
mode a crounter measures the average input frequency 
during the gate time. However, with this technique, 
frequency can be measured tor as short a pericxi as one 
cycle. The linearity of a swe[it frequency can even be 
measured cycle by cycle. 

Width 

If a vvidilt measurement is to be made, tJie set-up is the 
same as for a periexf measurement, excc]H that the ele- 
vating |>edeslal must only lx; wide enough to elevate 
the wicltfi of interesi as .shown in Figure t. Ffie counter 
in the Width mcxle will measure the time Ixttween a 
point on the fust slope of the selected polarity and ihe 
samc [Joint on the following .slope of the opposite 
polarity. 

Time interval 

counier that oilers a Thne Interval mode has two 
input channels and mcasincs the fitne betw'cen when 
the fiist channel, CfhanncI A. triggers and the sec:ond 
channel. Channel B, triggers. The slopes and trigger 
levels for each channel can be selected independently. 
In the I'hne Interval inode, CJianncl B is held off (not 
permiued to trigger) until A triggers; however. Chan- 
nel 15 cannot normally Ire held off or prevented from 
uiggering tlie next linte the input vvavelonn reaches 
its trigger level. Witli this technique, B C;an be held oft 
as Icjng as required to permit the counter to measure 
the time between any desired [joints on the itvput wave- 
form. Unlike the PericKl and Width rncxles, the width 
of the pedestal or elevating [juLse is adjusted to be 
-sligJuly iiaiTOwer than the time interval oi jmerest. Aa 
sfiown ill Figure 5, die \ trigger level is set to trigger 
just a.s it was in tlie Width or Period rncxles, but the B 
trigger level is set below the level of the pedestal, rbci e- 
fore, B will not trigger until [fie elevating pulse has 
relumed to the Iowtt level and the input waveform 
[lasses thioiigfi the B trigger level. B can be held off or 
jjrcvemed from tiiggering as long as desired by increas- 
ing the width of the [x’desial. 

.Small variations in (xxlesuil widtli sltould cause no 
v;ii iaiion in coonter reading if the [leclestal is [jrojjciiy 
positioned. If the counter display v;uies diiectly with 
jX'destar width, an ci roneous reading is fx-ing obtained. 

TJie two input diannels can be connected to a single 
waveform or to two separate waveforms, and a portion 
of either wav^efoi m can be selected and elevated. .\ ]jot- 
lion of each of two wavefornis can also be elevated and 
therefjy selected, bowever. ifiis ivoLild require an addi- 
tional [julse and sumniing am|)lificj'. 

Frequency 

.Making frecpiency measureniciits directly is not practi- 
cal using this technicjue because the romuer’s gate and 
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fin- S. Ill period measuremem, delayed gate width fflUist he wide 
cninigti to elevate etilirc perimt of intci'cst. 




Fig. 6. TM 500 .Serica eoiihguration for uiaking gated counter 
nieasurcraenK with a noii.dciaycd sweep oscMlowdjie. The AM 501 
perfOnns the stitninhig function normally provided by the oscUfo- 
scope. 





Fig . 7 ,:Me Dii> 501 Digital Delay siinpiifies ingger sclMion when; 

Fig. i. Delayed set properly ha* widih mcasurcinem. ddayihg the triggering of the counter for several pulses or cycles. 




INPUT 

WAVEFORM 



ruwuuLJUliR 





. . . , !«■«• Erronet>ii.s readings can occur at some display time settings. 

Fig. 5. For time iiVtcrval mcasuiemcntst delayed gate is set slightly If the counter rcadoiu is erratic or too large a numher. increase 

shorter in diiratidh than lime interval to be mi^stired. the display lime with the nispluy Time Contrui. 
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ihe elevatinjr pulse would have to be synthroiiized. 
Frequency itteasureinetvts can tie imule, as mentionett 
earlier, in the Period mode, and, because frequency is 
the reciprocal of time, the conversion is simple. 

Averaging 

In the Periotl, Width, and Time Interval modes, it is 
often desirable to average to achieve the desired ac- 
curacy, If the counter offers Width Averaging and Time 
Interval Averaging, it is simply a matter of switching 
to that mode. The counter Will act innulatc readings in 
decade nmluples and average them. No change in the 
procedure for a .single 'rime Interval or Width measure- 
ment is necessjtry. For periotl averaging, however, an 
alteration to the technique is necessary. In peritnl aver- 
aging, the number of |>eriods to be averaged must all 
be elevated. To average 10 periods, 10 or more succes- 
sive or continuous |jeriocls must be elevated. To average 
100 jieriods, KH) or more successive or continuous pe^ 
riofis must be elevatetl. A larger number ot averages 
can be .selected, but since the purpose of this technique 
is to niake a selective measurement of a small portion 
of a signal, it is unlikely that higher averaging factors 
will be commonly ii.setl in tlie Period mode. 

U*ing a non^delayed sweep oscilloscope 

If a Non-Delayed Sweep Oscilloscope is used, a separate 
pidse generator with delay, like the TlEK'fRONIX 
PG 505 or PG 50§, must he ineqrporaied to generate the 
necessary pulse. The pulse generator mu.st have delay 
so its output can be positioned in time relative to the 
input wavefonn. 

If the oscilloscope does not have an Algebraic Add 
mode, a separate amplifier like the AM 601 can be in- 
corporated to serve tliis function. 

The TM 500 product line provides an ideal solution 
to the prohleni. Figure (5 is a diagram showing the 
SG 502 Non-Delaying Sweep Qscilloscope, PG 505 Pulse 
Generator, AM .501 Amplifier, and either the DC 503 
or DC 505.-\ Universal Couriter/Tinier with the ap- 
propriate interconnections in the TM 500 Mainframe. 
This particular system is usable from dc to between 
50 kHz and 100 kHz, limited by summing amplifier 
bandwidth and piilse geiierator rise times. 

Digital delay 

Wlteii it is net:essary to delay the triggering of die count- 
er for a large number ot pulses or cycles, it can become 
impractical due to the limited resohition offered by the 
ert of an oscilloscope, even with a inagnifter. For ex- 
ample, it would be ahnpst impossible to position the 
pulse or pedestal on the one thoiisandth input pulse 
to meastire its periotl, wklth> or time interval. Even 
with a times ten magnifier, there would be ten input 
pulses or cycles per division on the cn. The DD 501 
Digital Delay .solves this problem. It can delay by up 



to one hundred thousand events and generate a trig- 
ger at the selected number of events. 

Whet) the DD 50 i is u,sed with diis technique, it is 
connectetl as shown in Figure 7. The input signal is 
connected to the DO 501 Start and Events inputs and 
die input of die osci 1 Iosco jre. The output of the Digital 
Delay is connected to the External Trif^^er input of the 
oscilloscope, and the appropriate number of events, 
pulses, or cycles to be delayed is dialed up on the DD 50 1 
front panel. The counter is driven by the summed 
petlestal and signal from the scope vertical output or by 
a separate summing amplifier. When the selected num- 
ber of events takes place, the DD 501 puts out a trigger 
that triggers the scojre and the delayed gate. A faster 
ost tlloscope sweep speed can now Ijc used, which offers 
enough resolution to position the elevating pulse. 

If it is necessary to delay by time, the counter’s time 
base output can be connected to the DD 501 inpuT The 
counter’s time base arts as a clock that the DD 501 
counts. 

Erroneous reading 

Some ranges of injmi repetition rates can cau.se an os- 
ctlloscojjc to trigger on different pulses on eadt sweep, 
however, this can he corrected witli Trigger Hold-off if 
the oscilloscope has this feature, or with the Variable 
Time Per Division if it does not. In either case the basic 
repetition rate of the oscilloscope's sweep generator is 
changed so that the oscilloscnije triggers at the same 
fx)int or on the same pulse for each sweep. With the 
tedinique descritied in this note, it is possible to have 
essentially the same problem with a covmter. Tlie 
ebutuer has ameasuremem cycle time or reijetidon rate 
which i.s determined by the length of time it takes to 
make the measurement, plus the display dme. As shown 
in the periotl ineasurement in Figure 8, if the counter’s 
measurement cycle time results in the display time end- 
ing in the middle of the period to be mca.siired, an er- 
tmneous [leriod measurement results. And die same 
thing can tKciir in the Width; or Time Interval modes. 
The indication is an erratic reading or a reading that 
is too large. The fourth waveform from die top in Fig- 
ure 8 shows an et roneotis, too long* periotl. To correct 
the problem, the coirater’.s display time is increased 
with the Display Time Gbnirol as shown in Figure 8. 
The counter now ha.s a slower repetition rate or longer 
measurement cycle time and does not reset in die mid- 
dleof the period, width, or time iiitervafto be measured. 

Si* 

IS* 



10 





Ralph Livermore 



The 577/178 
(Jurvelraccr 
with a 1 lirce- 
'I eriiiiital 
Btnulaior 1 «i 
tmii iiistalletl. 



lie increasing 
cost of on-board q 
ihree-tenninal reg- 
ulators has created 
a need for a fast and 
easy means of test- 
ing these devices. 

Many of you al- 
ready posse.ss that [ 
capability and may 
not realize it. 

The Tektronix V 
57/-D1 StorageCiirve 
Tracer and 17ft Linear 
IC Test Fixture provide 
the basic cajiability. .Ml you 
need to adcl is the Three-Ter- ’V 
minal Regulator Test Unit — a 
plug-in accessory for the 17ft — plus 
a socket adapter for your particular ^ 
device, and you’re in busine.ss. It’s an 
ideal solution for short run inspection, cir- 
cuit design, or device chat at tcrization- 

The Regulator 'Test Unit coine-s in two 
lar models -one wired for negative regul 



178, which is itself a slide-in iiuKlule tor the 577. A 
snap-on escutcheon plate cusionii/es the 178 luiiction 
switch to either irositive Of negative test units. 

Functionally, the 577 Mainframe supplies the display 
and its controls, primary jxiwer supply, and a step gen- 
erator that serves as a variable load. The 178 furtlier 



regulates die supply voltages atui provides the ftiiictian 
seleturr switch,, which sets tip the internal ciraiits for 
the appropriate tests. The 178 also has provision to 
sweep the input supply voltages at a selectetl rate and 
amplitude for line regulation and other tests. 

Four has it tests oh three-tenninal regulators can he 
perlormed on the 577/178: load regulation, line regu- 
lation, quie-steni or eonimon GUtrent, and dropout volt- 
age. A fifth test, ripple rejection, can also be performed, 
depending on how' it is specified. The devices can be 
testetl over an injnit range of 0 to (50 volts, w’itb load 
t urrems op to 2 ain|>eres (pulsed). 

Load regulation 

Ixratl regulation is the change iti r^uia tor output volt- 
age Over the sjrecified range of toad ctirrent, with pro- 
vision made to keep chip temjier:iture constant. 

This test is clone on the curve tracer using the step 
generator as a cuiTent sink or variable load. The step 
generator is operated in the pulse tnode to provide a 
load that is active for only a small part of the duty cycle, 
thus keeping chip dissipation low and possible tempera- 
ture rise small. 

The display in Figtire I shows the change in cnitput 
voltage (vertical axis) as the load current is stepped 
over the specified range (horfeontal axis). In Figure 2 
the vertical sensitivity has been increiised to improve 
tire resolution of the measurement. The Output Volt- 
age Ooinparison Dial is set so the trace crosses the bot- 
tom graticule line precisely at the rated load current 
IK>int The change in output voltage is then easily de- 
terminctl by imiltiplying tfie VERT UNITS/DIV set- 
ting by the indicated change in oiupul voltage on the 
vertit-al axis. 

Line regulation 

,\nother importaul specifkatiem we neetl to check is 
liireregulatioti— the diange in regulator output voltage 
over a .specified range of input voltage—with provisions 
made to keep the chip temperature constant. 

The curve tracer provides the necessary test condi- 
tions by adding a swept voltage to the injtui volutge 
sujrpiy, while providing a constant, short duty-cycle 
load for the output. 

In the display in Figure H, the vertical ax:is represents 
regulator Output voltage cleviattou Ifcrm the conipari- 
soTt voltage, and the hori/outal axis reprc.^nts regulator 
input voltage. 

LiiK; regidation characteristics at dilfereni values of 
load current can be checked by setting die slep genera- 
tor to step thtoiigh the desired range of load currents as 
in Figure 

Quiescent or common current 

A diird chatacieristic often of interest to the circuit 
desigiiGi is the current used by the regulator for its in- 



ternal functioning, ft is called quiescent or comnion 
current. The regulator test unitU.ses a common-termi- 
nal supply to protluce an artificial ground through 
which tlie device-under-test quiescent current is meas- 
ured. 

7’he curve tracer cail display quiescent current under 
'three different conditions; steady state, with constant 
load and line (input) voltage change, and with constant 
input voltage and changes in the load. Changes in input 
voltage are provided by the sweep genera tor on the 178 
Linear IC Test Fixture. Load chatiges are prt^laced by 
using the 577 step generator in the cutTCHTsinking 
mode. 

The display in Figure 4 plots quiescent current on 
tile vertical axis, veixus load current on the horizontaL 

Dropout voltage test 

The fourth characteristic of interest that can be checked 
with tlie 577 Curve Tracer is dropout voltage. The 
dropout voltage test is similar to the line regulation 
lest except, in this instance, w’e are concerned with the 
minimum input voltage at which the regulator ho long- 
er regulates. Figure 5 is an illustration of the dropout 
voltage test. The input-output voltage differential at 
which the circuit ceases to r^ulatc is dependent upon 
load current and junction temjierature, and is typically 
two volts. 

Ripple reiectlon test 

Ripple rejection tests thn also be iierformed on the 
curve tracer as displayed in Figure 6. The supply volt- 
;igc is sweptat a frequency just below 1 20 Hz to produce 
the display. Each trace represents a different load cur- 
rent as presented by tlte^step generator. Storage Is a 
necessity in achieving this display since it takes about 
a second to produce. 

Conclusion 

The 577-DI Storage Curve Tracer with a 178 Linear 
1C Test fixture and Three-Terminal Regulator Test 
tinil provides a low-cosfc versatile means of performing 
incoming ins|jet tion tests, circuit design, or device chah 
acterizatioh of three- term Inal regidators. Most of the 
specified tests can be performed. The 577 also serves as 
a valuable analytical tool to evaluate those devices re- 
jected by highly automated incoming inspection sys- 
tems, and to analy'ze performance under operating con- 
ditions other than those specified on the .spec sheet. ^ 
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Fig.i. Load regulation test. Output valtagc displayed vertically at 
50 mV/div, offset to +5V; load current displayed horizontally at 
20niA/div. 





Fig. 4. Quiescent current test. Quiescent current displayed ver- 
tically at 2 niA/dir\ zero curreiU at center-screen; load current dis- 
played horizontally at 100 mA /div. 



Fig. 2. Same raeasurement as rig. 1. accept vertical stutsiiiviiy in- 
ciea.scd to improve resolution, and trace moved to bottom o( screen 
for easier reading. 



Fig. 5. Dropout voltage ic.st. Output voltage displayed vcnically at 
10 tnV'idiv, top trace is offset to 5V; input voltage ciisplayecl hori- 
zontally at 2V/div. 






****** 

iUo 



C;v- ; 

, ,yT5T^ j-Vis 






Fig. 3. Line regulation lest. Output voltage displayed vcnically : 
5 mV/div; input voltagt; displayed horizotiially at 5V/tiiv, loa 
currents are 100 luA /step 




Fig. 6. Ripple rejection test. Output voltage (iisplayed verrirally 
at 5 uiV/div: input voltage displaced horizoiiially at 2V/div; load 
currents are 1 00 in .A /step. Rejection is about 76 dll. 
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Cliarltti PhitK[M 



L’se a iiiitl (letergeiu to dearj die knobs 

amt tonncftors, and rinse with warm water. The side 
covers can be reimned and, along with the brnioni 
panel, be washetl sep.trately alter removing the iiistni- 
meiu IVoin the booth. I'liey shotdtl l>e plated in the 
oven to iliy. (ioinprcssetl air is iisCtl to remove as imirli 
water as prat titalile Irom the Iron t panel area, amt the 
instrument is then plated in the tjven lor l.‘> it> 2U 
inimitcs, or nnlil you're rcatly lt> woik on it. 

The graticide anil gr.iiitnle cover may be i leaned 
astlcst ribed in Part !. .A woitl ot l aiition regarding the 
use ol glas,s cleaner- some leave a siatii t barge on the 
graticide, whitJi will iliston the cit trace until it bleetls 
olf. Soap ailtl water is the btsi solution. 

■Air filters can he ( leaned easily with iletcrgent and 
hot water. A ticansing powder, such as .Ajax, sprinkled 
on a wet fdter and allowed to soak a minute or tivo, will 
help on ex II a greasy ones. A\''c recommend not using oil 
or filter coat on any filters as there is the i>ossibiiiiy of 
oil getting inside the insuaimeni. 

Cleansing cam switches 

Ihilfss you are having problems widi the cam switches 
in the insinimeni. we do not reiommend removing the 
switt h tDvers tUiring the tleaning protedure. You 
should also lake tare not to spray detergent into the 
swiiche.s. 

If a ram switch needs (leaning, this can l>cst be ac- 
complished by removing the switch tovei and spraying 
the switch with a solution ol Kelite spray white 
wiili an etpial ammmt of ammonia (non-sudsing, non- 
soapy tv|>e). The switch should tiien Ire thoroughly 
rinsed with soft or distilled water. The switch contacts 
should then be spiayeil with isopro|)vl alcohol, let set 
tor (JO seconds, and blown out with compressed air, Oc- 
casionaily ojreiate the switth in all positions while the 
alt oho} is siill on lire toiUati area, and while Irlowing 
out the instrument. Oven div in the usual manner. 

CJam switches need no Uibi it ation as the switch pads 
are designed to operate thy for the life ol the inslru- 
mem. 



PaT( II— Dry cleaning 



Part I of this ariitle we described the tools and 

I'ekironix instrunieiu 



X tethiiiqiics iiseil to give your 
a hath, or |rerhaps "shower" wotild Ire a more appropri- 
ate term. There are times when the t.ustomer needs 
quit k mm around on an insti umeiu .'tlid can't tolerate 
the 21-hour drying time needed lor a wet wash. In this 
instant e, dry tleaning may serve .is a leasonable alter- 
native. 

The wash booth makes a convenient plate loperlorm 
the dry t leaning tqreration. With lire side and bottom 
panels reniovetl. foni|jressetl air and a small paint brush 
will remove most of ihe interior dust, unless the instru- 
inem has Irecn in a greasy enviromneni. 

I t) (lean the horn panel you should reinstall the 
side covers and liglniy spray the front panel tmly, using 
the 5% Kelite solution and imsitig with water. Be care- 
fid not to get excess water in the jn.strument. Just a 
little spray ap|)liedon aft angle wm ks best. 



1-1 




Conclusion 

Whether you wet: waslr or 4ry clean an instrument will 
be (leteraiined l>y how dirty the instrumcBt is, and the 
time avaiialrle td do the job. Solid state instruments can 
be wa.shed a.s easily and .safely as vacuum tube tyjaes. 
Precautions agaiix.st spraying detergent and water di- 
rectly on power tninsiormers and covered canx switches 
should be diligently observed, (ileaniug agents such as 



trichlorethylene. Freon, and others: contaiixing halo 
genSi should not be usctl. 'l’hey can damage aliuninuni 
electrolytic cajxacitors and sortie printed rircuit boarii 
mateiJaLs used in critical applications. 

It takes valuable time to projxerly clean an insiru- 
meat. However, the iroprovemexxt in maimainability 
and the increase in user satlsfat tion makes the in vest- 
mem a tvorthvkdxilc one. ^ 



Fig. i. IXavc Piiiilips, Fatiory .Sers lce Cemer. washes a 7000-Series Oscilloscope. 
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Customer maintenance 
training ciasses for 77 

All < lassie wiil he wmdiK ted ai Beavi;t t(jn, Oiegtjii. 
There is no lee lor classes except as noted. 

AI! inaintenantc! cla«>es tetttli cijicTriticni, signal How, 
calibration, tiouhlG-shooting and repair of the repre- 
.seiuative instrument. A toinbination of lecture and lab 
.ses.sioirs are the usual lorinar lor maintenance training. 
Any prestndy literature besides inaintenaiue manuals 
will be mailed directly to ypn. 

7704A/7904/7633 

The 7000 serie.s classes are a (cmdrinaiion of the 770 lA/ 
7901/ 7(i.‘13 oscilloscojxts. The prerequisite for the 79(M/ 
7633 class i.s training on the 7701 A. Clas.s duration is two 
weeks', fitsi week devoted to 770 lA, second week devoted 
1.0 7901/76,33. PUig-ins taught .are representative ot the 
)ttost Irequenily purdiased units vvith the.se main 
flames. 

Class dates; |unc 13-24, 1977 
.\ug, H-19, 1977 
Oci. I 7-28. 1977 
Dec, 5- 1 6, 1977 

463/475 

Tlie 4l>a/175 ost lllo;sC()pe,s ntaifitehance class is taught 
to the componem lesel of troubleshooting and repair. 
T'lie student is encouraged to study the circuit descrip- 
tion portion of the respective inanuid. C.'lass duration i.s 
one week. 

Class Dates; Jime 27-fiily 1, 1977 
Aug. 22-26, 1977 
Oct. 3 1 -Xov, 1,1977 

5100/5400 

The .5100/.') 100 o.sc illostopes are new prod iict.s on the 
1977 cirstomer training schedule. Representative plug- 
ins are selected lor the.se ]>Ft«lucts. Clas.s duratiun is one 
week. 

Class dates; (uly 1 1-1.5, 1977 
Nov. 7-1 1, 1977 

Logic Analyzers 

The 7D01/DF-I logic analyrer is a new product on the 
1977 customer training schedule. The pros|>eciivc .stu- 
dent is encouraged to study the ckcuU description in 
the 7D0l / i)F manual. ( lass duration i.s one week. 
Classclate; Sept. 12-16, 1977 



TM503/DC503/DM502 

TG501/PG501/FG501 

The T'MoOO producas selet ied for in,struciion represent 
each of the major categories in the Test and Measure- 
ment area. Class duraliisu is one vveek. 

Class dates: fune6 10, 1977 
Aug. 1-5. 1977 
Oct. 10-1 f, 1977 
WDI— R7912/1350 

The siudeni imisi h.ive operational knowledge ol die 
7704.\ series ost illoscope: he also must have saiLsfac lori- 
Iv lomiiletcd .studs of the .Aiidio Circuit description 
training program on the R7912. This package (062- 
2708-00) is available for .‘>l7,5.0tl iJiroiigh the local fek- 
ironix held office: it shoidd be mclered at least 66 days 
])rior to class pat in i|jaiion as the subjet i materj;d is 
quite lengthy, (ilass duraiitm is one week. .\ c lass fee ol 
.S7(Hf jK’t student istli;nged for this training. 

Clas.s dates: July 11-15, 1977 
0< t, 3-7, 1977 
DPO— P7001/CP1151 

No customer inajntenaru e t las,scs are scheduletl for 
I977. All audio t imiit tlcMi iption training package i.s 
available lot ’jil8;).0{) through your local Tekiionix 
ficlil oJlice. i’ai'i nuiuhcr (1)1)2-2707-06) 

4051/4631 

The 46.51 intelligent terminal is ;i now^ product on ifie 
1977 t iisiotncr training schedule. I ■mlerstanding of 
rnicioi)ioces.stu is necessai y for full .qipreciation of 
class roiitent. Chiss duration is two weeks. 

Class f):\ies; )uiie20-|idv 1, 1977 
Dec, ,5-I ti, 1977 
4010/4014/4631 

Tfio 1010/1012/401 l/406ti graphic display lerrninal 
( l;t-ss is taught to hoaid level maintcnaiu e: gieaier 
depth is i:iugfu when signal How comepts are necessary. 
Cla.ss duration is one week, 

Class Dates: June 6-1(1, 1977 
Oct. 3-7, 1977 
Nov. 7-11, 1977 
4081/4905/4641 

'1 he 4081 intelligent terminal system is a new protluct 
()Ti the 1977 ciisiouier iraining schedufe. Undeosiandiiig 
of nii< rocomputcr ;md microprocessor theory is neces- 
sary lor full ajtprct iaiion of class content. Class dura- 
tion is two weeks. 

Class Dates: |nly 18-29, 1977 

fjejH. 26-Occ. 7, 1977 a-ssw 
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